San Jose State University

SJSU ScholarWorks
Master's Theses

Master's Theses and Graduate Research

Spring 2013

Geophysical Expression of the Northern Part of the Mono-Inyo
Volcanic Chain, Mono Basin, California
Amanda McDonell
San Jose State University

Follow this and additional works at: https://scholarworks.sjsu.edu/etd_theses

Recommended Citation
McDonell, Amanda, "Geophysical Expression of the Northern Part of the Mono-Inyo Volcanic Chain, Mono
Basin, California" (2013). Master's Theses. 4290.
DOI: https://doi.org/10.31979/etd.qy6u-n7hn
https://scholarworks.sjsu.edu/etd_theses/4290

This Thesis is brought to you for free and open access by the Master's Theses and Graduate Research at SJSU
ScholarWorks. It has been accepted for inclusion in Master's Theses by an authorized administrator of SJSU
ScholarWorks. For more information, please contact scholarworks@sjsu.edu.

GEOPHYSICAL EXPRESSION OF THE NORTHERN PART OF THE MONOINYO VOLCANIC CHAIN, MONO BASIN, CALIFORNIA

A Thesis
Presented to
The Faculty of the Department of Geology
San Jose State University

In partial fulfillment
Of the requirements for the degree
Masters of Science

by
Amanda Pera McDonell
May 2013

© 2013

Amanda Pera McDonell

ALL RIGHTS RESERVED

The Designated Committee Approves the Thesis Titled

GEOPHYSICAL EXPRESSION OF THE NORTHEN PART OF THE MONO-INYO
VOLCANIC CHAIN, MONO BASIN, CALIFORNIA

by
Amanda Pera McDonell

APPROVED FOR THE DEPARTMENT OF GEOLOGY

SAN JOSE STATE UNIVERSITY

May 2013

Dr. Jonathan Miller

Department of Geology

Dr. Maurizio Battaglia

Department of Geology

Dr. Richard Sedlock

Department of Geology

Dr. Darcy McPhee

U.S. Geological Survey

ABSTRACT
GEOPHYSICAL EXPRESSION OF THE NORTHERN PART OF THE MONOINYO VOLCANIC CHAIN, MONO BASIN, CALIFORNIA
by Amanda Pera McDonell

The Mono Domes are located at the northernmost end of the Mono-Inyo volcanic
chain just north of the Long Valley Caldera and include more than 30 overlapping domes
and coulees that follow an arcuate trend. A shallow basement high, possibly bounded by
a fault, as suggested by potential-field models of data collected in Mono Basin,
California, may have influenced the geometry and location of the Mono Domes.
Over 320 new gravity stations and approximately 297 line-km of ground
magnetic data were collected during the summer of 2010 to investigate the subsurface
structure of the Mono Basin. Regional gravity data were collected throughout the basin,
and ground magnetic data were collected on major roads along numerous transects
throughout the region, one of which was coincident with a seismic refraction line.
Gravity and magnetic data were compiled with pre-existing data from studies dating back
to the 1960’s to produce a new regional isostatic gravity anomaly map and ground
magnetic profiles throughout the basin.
Aeromagnetic and ground magnetic data revealed an anomalous ring-shaped
magnetic high centered over Aeolian Buttes, whose eastern margin follows the arcuate
trend of the Mono Domes. This magnetic high is essentially coincident with what Kistler

(1966) inferred to be a ring-fracture. Two-dimensional forward modeling of potential
field data along a profile across the basin suggests a basement high, or ridge, at roughly
700 m depth, the eastern edge of which lies beneath the Mono Domes. The basement
ridge is probably fractured, as suggested by potential field data, indicating a possible preexisting fault beneath the Mono Domes. This fault is along the eastern edge of the
basement ridge and could have served as a conduit for the Mono Domes feeder dike.
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INTRODUCTION
Geological studies suggest that of the several systems that form the Long Valley
volcanic region (eastern California), the Mono Domes volcanic chain located in the
Mono Basin appears to hold the greatest potential for renewed magmatic activity
(Hildreth, 2004). Although the Mono Domes represent some of the youngest foci of
volcanic activity in the region, the latest geophysical investigations were conducted in the
mid-1980’s, more than twenty years ago.
The Mono Basin is also a region of geothermal interest. The Long Valley caldera
is located just south of the Mono Basin and is home to the Casa Diablo geothermal plant,
which generates roughly 40 megawatts of electricity for Mammoth Pacific. Because the
Mono Basin is a volcanically active area with the most recent eruption only 250 years
ago, the region may hold geothermal potential.
In an attempt to characterize and explore the subsurface structure of Mono Basin
several geophysical studies were conducted. Previous gravity and magnetic
investigations focused on the depth, geometry, density distribution, and magnetization of
Mono Basin (Pakiser and others, 1960; Gilbert and others, 1968; Christensen, 1969;
Pakiser 1976). Other studies with geothermal motivations were conducted to determine
the depth and geometry of a possible magma source beneath Mono Domes (Hermance
and others, 1984; Hill and others, 1985; Achauer and others, 1986). However, many
contrasting conclusions have been drawn from these works, and few constraints have
been placed on the density distribution and subsurface structure across the Mono Domes.
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In the summer of 2010, we collected new regional gravity and ground magnetic
data in and around the Mono Domes to improve the gravity and magnetic coverage
throughout the region. New gravity data were compiled with an existing gravity database
(Battaglia et al, 2003) to produce a new regional isostatic gravity anomaly map. In
addition, a ground magnetic anomaly map was also produced from the newly collected
data. Utilizing the new data and modern technology, such as state-of-the-art Geographic
Positioning System (GPS) equipment and modeling software, we were able to provide a
fresh interpretation of the Mono Domes subsurface structure.
In this work, we presented two-dimensional subsurface models derived from the
integrated gravity and existing aeromagnetic data that better constrain the density and
magnetization distribution, depth, and structure of the Mono Domes region within the
Mono Basin. These efforts were critical to improving the dynamic modeling of active
range front-faulting and eruptions by dike intrusion in the Mono Basin (e.g., Bursik and
others, 2003). The structural model based on the regional gravity and magnetic surveys
provided a useful framework to better assess the potential geothermal resources and
volcanic hazards of the region.
TECTONIC SETTING
The Mono Basin is bounded by the Bodie Hills on the north, Long Valley Caldera
on the south, Cowtrack Mountains on the east, and the Sierra Nevada on the west (Fig. 1).
The majority of the basin consists of quaternary alluvium, tertiary volcanic rocks, and
pre-Cenozoic rocks including granitic basement and metasedimentary rocks (Fig. 2).
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Figure 1. Index map of the Mono Basin study area. BH, Bodie Hills; CM, Cowtrack
Mountain; AH, Adobe Hills; AV, Adobe Valley; MD, Mono Domes; ID, Inyo domes;
GM, Glass Moutain; WM, White Mountains; OV, Owens Valley; BV, Benton Valley.
Black box in inset map shows the map location in California and Nevada. Red dots show
approximate locations of geothermal wells (Axtell, 1972), “State PRC 4572.1” located on
the northwest shore and “State PRC 4397.1” is located on the south shore of Mono Lake.
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Figure 2. Simplified geologic map of the study area shown in Figure 1, modified from
Jenning and others (1977) and Stewart and Carlson (1978). Grey lines represent faults
from Bailey (1989) and Jennings and others (1977). The black box shows location of
Figure 4. Profile A-A’ shows location of the potential field model.

Mesozoic basement rocks within Mono Basin consists of quartz monzonite,
granodiorite, diorite, gabbro, and other granitic rocks (Kistler, 1966; Bailey, 1989). The
Mono Basin is located to the north of the Owens Valley graben in a left-lateral step in the
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eastern escarpment of the Sierra Nevada. The basin lies on the western boundary of the
Basin and Range Province, adjacent to large east-dipping normal faults of the eastern
Sierra Nevada escarpment. Volcanism and tectonic deformation in this zone are
contemporaneous, and most likely associated with the upwelling of magma into the crust
from the underlying asthenosphere as the crust stretches, thins, and occasionally fractures
in response to transtensional deformation (Hill, 2006).
Post-Miocene volcanism in the Mono Basin is related to the northern extensional
Eastern California Shear Zone (ECSZ) and its continuation to the north along the
southern Walker Lane Belt (WLB) in western Nevada (Fig. 3). This region has been
tectonically influenced by extension of the crust across the Basin and Range to the west
and by strike-slip motion along the Pacific and North American transform plate boundary
(Hill, 2006). Dextral slip across the transtensional ECSZ and WLB accounts for 15-25%
of the relative Pacific and North American plate motion, most of which is not on the San
Andreas Fault System (Henry and Faulds, 2005). Linking the ECSZ and the WLB is the
Mina Deflection (Fig. 3), a zone of several large pull-apart structures that are structurally
controlled by NE-striking normal faults that transfer slip from the ECSZ to WLB, in
which slip transfer is accommodated along dextral, sinistral and normal faults (Lee and
Stockli, 2005). The Mina Deflection along with a 100-km wide topographic swell
centered on the Mono Basin has been a significant component in Pliocene to recent
volcanism within the region (Hill, 2006).
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Figure 3. Map of eastern California and western Nevada (Hill, 2006) showing the
direction of displacement along the Walker Lane belt (WL), the Mina deflection (MD),
and the Eastern California Shear Zone (ECSZ). The location of the Mono-Inyo volcanic
chain (MIVC) is shown by the north-south elongated red oval. Solid black lines indicate
major Quaternary faults. The Long Valley Caldera (LVC) is outlined in red. The black
box outlines the study area.
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Mono Domes
The Mono Domes are defined by a 17-km long arcuate ridge of over 30 domes,
coulees, and explosion domes between June Lake and Mono Lake (Fig. 4). The ridge has
a maximum elevation of 2,800 m. Volcanic activity of the Mono Domes began 40 ka and
continued through recent times. All but one of the Mono Domes lavas are composed of
high-silica rhyolite. Most of the lavas are Holocene in age, three are approximately 13
ka, and one is 20 ka (Hildreth, 2004). The older Mono Domes (40-3 ka) are porhyritic
and the younger domes (3 ka – 550 yr) are aphyric, suggesting a rise in temperature in the
magma chamber or the source coming from a greater depth (Bailey, 1989). A group of
young vents within and adjacent to Mono Lake follow the approximate trend of the Mono
Domes. However, they are compositionally different and are considered to be
independent of the magma reservoir that supplies the Mono Domes (Hildreth, 2004).
The youngest eruptions at the north end of Mono Domes are dated at 660 ± 20 yr
and may have been be fed by a 6 km-long dike (Bursik and Sieh, 1989). The eruptions of
the North Mono Domes were followed by the most recent eruption of the Inyo Domes.
The interval between the eruptions is believed to be between one to two years as
suggested by minor disturbances of the North Mono tephra prior to deposition of the Inyo
tephra and the time frame of activity is indicative of a genetic relationship (Sieh and
Bursik, 1986).
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Figure 4. Modified geologic map of the Mono Basin study area (Bailey, 1989). Bold
black line shows the approximate location of the Mono Craters Tunnel, red line shows
the approximate location of the Hartley Springs Fault. Magenta, Mono Domes; Orange,
Bishop Tuff; Tan, Alluvium; Pink, Basalt. Note map scale differs from Figure 1 and 2.

Stratigraphic investigations throughout the Mono Basin indicate that the explosive
events of the North Mono and Inyo eruption sequences were accompanied by a series of
strong earthquakes, most likely on the Hartley Springs Fault which runs from the
southern-most end of the Mono Domes southward along the Inyo Domes, ending at Glass
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Creek Flow (Fig. 4). The seismic events may have been triggered by dike emplacement
near the fault (Bursik and others, 2003). Slipon the causes zones of low confinement
stress, which allowed magma to be drawn up and erupt.
Two different hypotheses regarding the geometry of the Mono Domes can be
found in the literature. (1) The Mono Domes are fed by a ring dike and erupted along the
mylonitized border of a subcircular Cretacous pluton centered on Aeolian Buttes, which
are composed of Bishiop Tuff and granitic rock ( Kistler, 1966; Bailey and others, 1976;
Bailey, 1982, 1989). (2) The Mono Domes formed along an extensional boundary of a
pull-apart basin, defined by the north-northwest-striking faults of the Sierran range front
in the Mono Basin that are oblique-slip faults with a right-lateral component (Bursik and
Sieh, 1989). Hildreth (2004) suggested that the latter is more likely because the evidence
for the mylonitic zone is poorly exposed in only three out crops along the pluton border.
PREVIOUS INVESTIGATIONS
Construction in the late 1930’s and early 1940’s of the Los Angeles water tunnel,
known as the Mono Craters tunnel, provides detailed stratigraphic information along a
transect across the Mono Basin. The West Portal of the tunnel is located 12.8 km
southeast of the town of Lee Vining; the East Portal is about 18.2 km to the southeast
near Aeolian Buttes (Fig. 4). Logs from several test holes and shafts drilled from the
surface provide data for a simplified geologic profile along the tunnel transect
(Gresswell, 1940; Jacques, 1940). Gresswell (1940) describes a wide fault zone beneath
the axis of the Mono Domes encountered during the drilling of the water tunnel. In
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addition to the tunnel, two geothermal wells were drilled on the shores of Mono Lake in
1971 (Axtell, 1972; see Fig. 1). Well “State PRC 4397.1” was drilled to an approximate
depth of 1 km on the south shore and well “State PRC 4572.1” reached a depth of 0.7 km
on the northwest shore of Mono Lake. Detailed lithologic logs are available for both
wells (Fig. 5a and 5b). The temperature of the drilling mud for well “State PRC 4397.1”
was continuously monitored and recorded. The average temperature of the returning mud
was 29ºC at the surface and increased gradually to a maximum of 46ºC at the bottom of
the well. Weathered basement was reached at a depth of approximately 0.5 km.
Interpretation of early gravity and seismic surveys suggests that the Mono Basin
is a shallow structure resulting from regional warping and faulting with a depth of 1 - 1.5
km (Christensen and others, 1969) or 2-2.5 km (Pakiser, 1976). Christensen and others
(1969) suggested that steep gravity gradients within Mono Basin are due to facies
changes in the basin fill, faults buried within the basin, or density contrasts between
lacustrine silts, marginal gravels and sands, and volcanic breccias. The deepest part of
the basin is near the foot of the Sierra Nevada escarpment, towards the west. The density
contrast between pre-Cenozoic metamorphic and granitic basement rocks is thought to be
approximately 150 kg/m³. Work by Pakiser (1976) indicates that a large gravity low (~50
mGal) covers the area of Mono Lake and reflects primarily low-density lacustrine
sediments.
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Figure 5a. Lithologic column of geothermal state well
“State PRC 4397.1” modified from Axtell (1972). See
Fig. 1 for location.

Figure 5b. Lithologic column of geothermal state well
“State PRC 4572.1” modified from Axtell (1972). See Fig.
1 for location.
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In an attempt to delineate the depth and geometry of a magmatic source for the
Mono Domes, seismic and magnetotelluric studies were conducted. Hill and others
(1985) performed a seismic refraction study which was used to: (1) evaluate the structure
of the Mono-Inyo volcanic chain as a possible site for deep scientific drilling, (2) assess
the possibility that a youthful magma chamber may exist in the upper crust beneath the
chain, and (3) look for evidence of feeder dikes for the Mono Domes (Fig. 6a and 6b).
Results from their work indicate that any large magma body would have to be at least 7
km beneath the surface. Hermance and others (1984) conducted a magnetotelluric study
in Pumice Valley, adjacent to the Mono Domes. Their data did not indicate an
observable decrease in resistivity at depths in the upper 10 km of crust beneath the valley,
suggesting that the parent magma body feeding Mono Domes is either too thin or too
deep (>10 km) to be resolved. However, an inversion of the travel-time residuals from
94 teleseismic events in 1986 revealed a 200-600 km³ anomalous volume directly
beneath the Mono Domes with at least 7% low velocity, and with a top 8 – 10 km deep
(Achauer and others, 1986). This could be interpreted as a silicic melt or partial melt and
in some measure may be controlled by the Sierran frontal fault zone (Achauer and others,
1986).

12

Figure 6a. Index map of seismic refraction surveys modified from Hill et al,
(1985). Seismic refraction survey locations are indicated by open circles. The
location of the seismic refraction survey referred to in this work is shown by the
red line. The seismic model produced from this survey is shown below on Figure
6b.

Figure 6b. Seismic refraction model from Hill et al. (1985) of the PumiceGranite line.
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Geologic studies of deformation and faulting along the Sierra Nevada front
(Kistler, 1966) suggest a ring fracture is located on the border of a subcircular
mylonitized Creatacous pluton. The ring fracture was mapped by tracing exposed
mylonitic shear zones around a pluton of hornblende-bearing quartz monzonite near
Grant Lake and extrapolating the trend to the south to join the southern arc of the Mono
Domes. This trace was linked with a mapped normal fault of the Sierran frontal fault
system to the north to complete the ring-fracture (Fig. 7).
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Figure 7. Modified geologic map from Kistler (1966). The ring fracture is shown by
the dotted black line. Areas outlined in red show where mylonitic shear zones are
exposed at the surface. The solid green line shows a mapped normal fault of sierra
frontal fault system. The ring fracture was mapped by joining the axis of Mono Domes
(or Mono Craters as labeled on map) with the exposed mylonitic zones and mapped
normal fault south of Williams Butte.
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GEOPHYSICAL DATA COLLECTION
Gravity Data
Previous gravity stations are within the Mono Basin, but most of the coverage is
in and around the Long Valley Caldera. In order to improve the gravity coverage
throughout the basin, additional gravity stations were collected in and around the Mono
Domes. Approximately 320 gravity stations were collected in the Mono Basin during
June and August of 2010 (Fig. 8). These include 51 closely spaced gravity stations at
400-800 m intervals along the seismic line occupied by Hill and others (1985).
Additional gravity stations were collected at 800 m spacing along existing and unnamed
roads within the Mono Basin. GPS data were collected at every gravity station using a
handheld Trimble GeoXH, which provides vertical decimeter accuracy. A new gravity
base station named LEEVIN was created at the Lee Vining Post Office (Appendix A).
LEEVIN was tied to an existing high-precision gravity station located near Toms’s Place,
south of the Long Valley Caldera (MLEBQ1, Appendix A). LEEVIN was created to
place a base station near the field operations to reduce time-dependent linear drift of the
gravity meter. All gravity data are tied to the base station LEEVIN.
The LaCoste & Romberg gravity meter G614 and Scintrex gravity meter CG5A
were used in this survey. Conversion of meter readings to gravity units for G614 and
CG5A were made using factory calibration constants as well as a secondary calibration
factor (1.00036 for G614 and 1.00630 for CG5A). These were determined by multiple
gravity readings over the Mt. Hamilton calibration loop east of San Jose, California
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(Barnes and others, 1969). Gravity data collected during the summer of 2010 were
processed using standard gravity methods (e.g. Blakely, 1995) which are outlined in the
geophysical data processing section.

Figure 8. Map of gravity station locations throughout the Mono Basin study area.
Blue dots show location of gravity stations collected during the summer of 2010.
Black dots show locations of pre-existing gravity stations (Battaglia et al., 2003).
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Magnetic Data
Aeromagnetic data used for this study are from a statewide compilation of
California (Roberts and Jachens, 1999) and displayed as a color-contoured map (Table 1;
Fig. 9 and 10). The regional aeromagnetic compilation consists of several surveys flown
between 9,000 and 13,500 barometric elevation with flight lines oriented east-west and
spaced 0.8 km to 1.6 km apart (Fig. 9). An International Geomagnetic Reference Field
(IGRF), updated to the flight date of the individual surveys, was removed from each
survey. Each survey was gridded at 1-km spacing and either upward or downward
continued to a common datum of 305 m above the ground surface. A minimum curvature
algorithm was used to grid each survey and grids were merged together into a final map.
Because the majority of the aeromagnetic data has poor resolution, additional
ground magnetic data were necessary to better constrain magnetic anomalies throughout
the basin, especially around the Mono Domes. Approximately 289 line-km of trucktowed magnetometer data were collected along numerous traverses throughout the Mono
Basin (Fig. 11). Magnetic data were collected at one-second intervals using a Geometrics
G858 cesium vapor magnetometer attached to an aluminum carriage. The carriage was
connected to a vehicle by aluminum tubing and towed approximately 9 m behind the
vehicle. The magnetometer was towed behind the vehicle to minimize any magnetic
signal the vehicle may have, and it was positioned 2 m above ground surface. Trucktowed magnetic data were recorded and viewed in real-time using Geometrics MagLog
software during field operations. The location of the magnetometer was recorded using a
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Trimble nonmagnetic Ag132 GPS receiver mounted on the aluminum frame attached to
the magnetometer. The Ag132 receiver has real-time differential correction capabilities
using an Omnistar satellite system, resulting in submeter horizontal accuracy. Raw
magnetic data were downloaded and processed using Geometrics MagMap 2000
software, where magnetometer and GPS data were merged.

Table 1. Aeromagnetic survey specification. See Figure 9 for survey boundaries.
Numbers in parentheses are index numbers from the references publication (Roberts
and Jachens, 1999). D, drape (above ground); B, barometric elevation

Index
ID

Name

A
(3134)
B
(3002C)
C
(4233)

Hoover-Walker
Lake
Western Nevada –
Aurora

D
(4253)
E
(3002A)
F
(4010)
G
(4058B)
H
(3027)
I
(0242)
J
(4058A)
K
(3135)
L
M
(4058C)

Date
Flown

Flight
line
(mi)

Flight
Dir.

Altitude (ft)

1978

0.5-1.

E-W

1,000 D

1967

1

E-W

11,000 B

Bodie-Aurora

1999

0.093

N-S

500 D

Excelsior Mountains

20002001

0.155

N-S

820 D

Western Nevada

1967

1

E-W

9000 B

Tioga Lake

1980

0.5

NESW

1,000 D

White & Inyo
Mountains B

1981

0.5

E-W

8,000 B

Eastern California

1973

1

E-W

13,500 B

Long Valley ‘56

1956

1

E-W

9,000 B

White & Inyo
Mountains A

1981

0.5

E-W

14,500 B

Devils Postpile

1978

0.5

E-W

1,000 D

Mariposa
White & Inyo
Mountains C

1979

3

E-W

400 D

1981

0.5

E-W

7,000 B

.
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Figure 9. Aeromagnetic survey flight-line specifications, B, barometric; D, drape.
.
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Figure 10. Regional aeromagnetic anomaly map of the Mono Basin study area. Black line
shows location of profile A-A’.
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Figure 11. Location of truck-towed magnetometer and ground magnetic (Line D)
traverses.

Approximately 8 line-km of ground magnetic data were collected along a traverse
across the Mono Domes (Fig. 11, Line D). This traverse was collected using a Geometrics
G858 cesium vapor magnetometer with the same survey and GPS specifications as the truck-
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towed magnetometer surveys. The magnetometer height above the ground surface was
approximately 2 m.
A portable Geometrics G856 proton-precession base-station magnetometer was used
to record diurnal variations of the Earth’s magnetic field during the truck-towed and ground
magnetic surveys. The diurnal variations are known to be larger in the summer than in
winter and the amplitudes can span tens of nanoteslas. These variations are believed to be
caused by electric currents induced in the Earth from electric currents in the ionosphere
which are in turn driven by solar activity.
Physical Property Data
Rock samples were collected throughout the study area to measure density and
magnetic susceptibility. This information is necessary for geophysical modeling to constrain
the physical properties of geologic units used. Rock samples were collected at newly
acquired gravity stations when a rock outcrop was nearby and at other locations throughout
the basin (Fig. 12). Densities and magnetic susceptibilities were averaged by rock type
(Table 2). Physical properties of individual rock samples collected in the field are presented
in Appendix B. Densities were measured using the buoyancy method with an electronic
balance, and a Kappameter® KT-5 was used to measure magnetic susceptibility. Grain,
saturated-bulk, and dry-bulk densities were calculated for each sample by weighing the
sample in air (Wa), saturated and submerged in water (Ww), and weighed in air and saturated
(Was) using the following formulas (all weights are measured in grams):
Grain density = 1,000 kg/m³ * Wa/(Wa-Ww),
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Saturated-bulk density = 1,000 kg/m³ * Was/(Was-Ww),
Dry-bulk density = 1,000 kg/m³ * Wa/(Was-Ww)

Figure 12. Location map of rock samples collected in 2010.
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(1)

Table 2. Physical property measurements of selected rock types collected in 2010. GD,
grain density; SBD, saturated bulk density; DBD, dry bulk density; Susc, magnetic
susceptibility

Basalt

No. of
samples
5

GD
(kg/m³)
2557

SBD
(kg/m³)
2441

DBD
(kg/m³)
2363

Susc.
(10 ̄ ³ SI)
13.476

Granite

8

2672

2615

2581

5.541

Granodiorite

3

2684

1983

2629

13.207

Metasediment

1

2675

2651

2636

0.03

Obsidian

9

2018

199

1975

0.779

Rhyolite

16

1872

1813

173

1.624

BishopTuff

6

1935

1687

1419

2.458

Rock Type

GEOPHYSICAL DATA PROCESSING
Gravity Methods
A new color-contoured, isostatic gravity anomaly map of the study area was produced
using over 2,700 stations (Fig. 13). This dataset includes the gravity stations collected during
the 2010 summer field season and an existing gravity dataset (Battaglia et al., 2003). The
isostatic gravity anomaly map shows lateral variation in the density of subsurface rocks.
Gravity values are given in milligals (mGal), a unit of acceleration or gravitational force
equal to 10-5 m/s2. Observed gravity readings were referenced to the International Gravity
Standardization Net 1971 (IGSN 71) gravity datum (Morelli, 1974).
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Figure 13. Isostatic gravity anomaly map of the Mono Basin study area. Grey dots
represent gravity station locations. The black line shows the location of profile A-A’.

The following corrections were applied to the 2010 gravity data before they were merged in
to the existing gravity dataset. Gravity data from 2010 is presented in Appendix C.
The instrument-drift correction accounts for the changes in the gravimeter spring
over time or due to temperature changes. The instrument drift is addressed by re-occupying a
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gravity base station at the beginning and end of each day and applying a linear timedependent drift correction to all other measurements.
The earth-tide correction accounts for the gravitational pull of the moon and sun,
which are dependent upon time and latitude. Although these effects are small, they are
significant enough to be detected by a gravimeter. The change in gravity due to this
phenomenon does not exceed 0.3 mGal.
The latitude correction removes the variation in the Earth’s gravity with latitude,
which is caused by the centrifugal force of the rotation of the earth along with the resulting
bulge at the equator. This correction is accounted for in the theoretical gravity equation.
Theoretical gravity at sea level is given by the equation
𝑔𝑡 = (978,031.85) (1+0.005278895 sin² ϕ + 0.000023462 sin4 ϕ mGal

(2)

where ϕ is latitude in degrees.

The free-air correction is applied to remove the variation in gravity due to changes in
the gravity station’s elevation relative to sea level. The free-air correction does not include
the gravitational effect of the material between the station and sea level. The free-air
correction was calculated using Swick’s (1942) formula:
fac = h(0.30877 + σ (-0.0013398 + σ (-0.0005329 + σ (0.0000911)))
– h(0.072 ×10−6 ),

(3)
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where σ = 0.0001ϕ² and h is the elevation of the station in meters and is positive if above
sea level.
The free-air anomaly is the difference between the observed gravity and the
theoretical gravity at the elevation and latitude of the measurement. The free-air anomaly
was calculated using the Geodetic Reference System 1967 formula for theoretical gravity on
the ellipsoid (International Union of Geodesy and Geophysics, 1971) and is given by the
equation:
faa = (𝑔𝑜 –𝑔𝑡 ) + fac

(4)

where 𝑔𝑜 is the observed gravity.
The Bouguer correction corrects for the excess mass between the station and
sea level. In our case, we assumes the material between sea level and the gravity station is an
infinite slab of uniform density of 2670 kg/m³. The Bouguer correction equation is given by:
bc = -0.111897 h

(5)

where h is the elevation of station in meters and is postive if above sea level.
The terrain correction removes the gravitational effect of topography to a radial
distance of 167 km around the gravity station and was computed using both manual and
digital methods. Three types of terrain corrections were applied: innermost or field terrain,
innerzone-terrain, and outerzone-terrain. The innermost-terrain corrections were estimated in
the field and extend from the station to a radial distance of 68 m, equivalent to Hayford and
Bowie’s (1912) zone B. Inner zone-terrain corrections were estimated from Digital
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Elevation Models (DEMs) with 10 or 30-m resolutions derived from USGS 7.5’ topographic
maps and extend from 68 m to a radial distance of 2 km (D. Plouff, USGS, unpub. software,
2010). Outerzone-terrain corrections, from 2 km to a radial distance of 167 km, were
computed using a DEM derived from USGS 1:250,000-scale topographic maps using an
automated procedure based on geographic coordinates (Plouff, 1966; Plouff, 1977; Godson
and Plouff, 1988). Digital-terrain corrections were calculated by computing the gravity
effect of each grid cell in the DEM using the distance and difference in elevation of each grid
cell from the gravity station.
The curvature correction accounts for the effect of the Earth’s curvature. The
curvature correction was calculated using the following equation (Plouff, 1977):
cc = h(0.001464 +h(4.5× 10−14 -3.533 × 10−7 ))

(6)

where h is the elevation in meters and is positive if above sea level.
The complete Bouguer anomaly combines the free-air anomaly, bouguer, terrain, and
curvature corrections and is given by the equation:
cba = faa + bc + tc - cc

(7)

where tc is the terrain correction.
The isostatic correction removes long-wavelength differences in the gravity field
related to the compensation of topographic loads. A regional isostatic gravity field was
removed from the complete Bouguer anomaly assuming an Airy-Heiskanen model for
isostatic compensation of topographic loads (Jachens and Roberts, 1981) with an assumed
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sea-level crustal thickness of 25 km, a crustal density of 2,670 kg/m³, and a density contrast
across the base of the crust of 400 kg/m³.
Magnetic Methods
Diurnal variations recorded by the base-station magnetometer were removed from the
truck-towed and ground magnetic datasets. Both datasets were filtered using a low pass filter
to remove anomalous high and low spikes caused by cultural “noise,” such as passing cars,
culverts, fences, and powerlines. The cut-off for the low-pass filter ranged from 10 to 50
wavelengths. A new magnetic anomaly profile map of the study area was produced using the
filtered truck-towed and ground magnetic data (Fig. 14). Truck-towed magnetic datasets are
presented in Appendix D.
Reduction-To-The-Magnetic Pole
Magnetic anomalies are frequently laterally shifted from their sources and may have
distorted, irregular shapes because of the direction of magnetization rarely in the direction of
the Earth’s magnetic field. A reduction-to-the-magnetic-pole (RTP) filter changes the
Earth’s magnetic field inclination to 90˚, as if it were at the magnetic pole; results are shown
on the resulting map (Fig.15).
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Figure 14. Truck-towed and ground magnetic anomaly map. See Figure 11 for
location of truck-towed and ground magnetic surveys.
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Figure 15. Reduction-to-the-magnetic pole map of the Mono Basin study area.

This procedure aids in the interpretation by creating symmetrical magnetic anomalies
that are essentially centered over their sources. This transformation simplifies magnetic
anomaly maps and is a fairly easy transformation at high magnetic latitudes (Telford and
others, 2004).
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Magnetic-Potential
A directional derivative links the gravity and magnetic potentials that are caused by a
homogeneously dense and magnetized body, allowing the total magnetic field to be
transformed into a corresponding gravity field. A magnetic potential map (Fig. 16) is
produced by converting the magnetic anomalies to gravity anomalies using Poisson’s
relation, assuming magnetic and gravity anomalies are created by the same source.

Figure 16. Magnetic potential map of the Mono Basin study area derived from the
transformation of magnetic anomalies. mpu, magnetic potential units
(dimensionally amperes).
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The ratio between density and magnetization is kept constant. For this work the ratio
is a density contrast of 0.10 g/cm³ to a magnetization contrast of 0.001 cgs units. Magnetic
potential transformations are helpful for simplifying the interpretation of magnetic anomalies
because magnetic anomalies are more complex than gravity anomalies. Gravity anomalies
often have the steepest horizontal gradient roughly over the edges of the causative source.
This property can be utilized in magnetic interpretation by transforming the magnetic
anomaly to a magnetic potential anomaly and locating the steepest horizontal gradients
(Blakely, 1995).
Maximum horizontal gradients
Maximum horizontal gradients were calculated for gravity and magnetic data to help
delineate the edges of potential-field sources. A procedure described by Blakely and
Simpson (1986) was used to calculate the maximum horizontal gradients. Maximum
horizontal gradients indicate abrupt lateral changes in the density or magnetization of
subsurface rocks. Maximum horizontal gradients calculated for the isostatic gravity and
magnetic-potential map and are shown on respective maps (Figs. 17 and 18).
Residual anomaly
The residual anomaly map displays the magnetic anomalies produced by shallow,
short-wavelength magnetic sources and removes the effect of the deeper, longer-wavelength
anomalies (Fig.19). To produce the residual anomaly map, an upward continuation of the
data must be performed. The upward continuation transformation is a filtering process that
reduces the intensity of anomalies produced by near-surface sources and enhances the
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anomalies caused by long wavelength, deep sources. An upward continuation filter at a
depth of 1 km was applied to the aeromagnetic anomaly map. The upward continued data
was then subtracted from the original aeromagnetic data to produce a residual, or shallow
magnetic, anomaly map (Fig. 19).

Figure 17. Isostatic gravity anaomaly map of the Mono Basin study area.
Black dots represent maximum horizontal gradients derived from the isostatic
gravity data.
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Figure 18. Aeromagnetic anomaly map of the Mono Basin study area. Black
dots show maximum horizontal gradients derived from the magnetic potential
data.
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Figure 19. Residual, or shallow, magnetic map of the aeromagnetic data
emphasizing anomalies in the upper 100m of the crust.
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MODELING
We produced two geophysical forward models from gravity and aeromagnetic data
taken along an east-west profile across the northern end of the Mono Domes (Profile A-A’ is
displayed on Figures 2, 10, and 13). An interactive gravity and magnetic modeling program,
GM-SYS, was used to create geologic models of the subsurface (Fig. 20 and 21). Gravity
and magnetic models are non-unique and many models can be constructed to fit the given
dataset. Additional independent information is needed to help constrain the geophysical
models.
Velocity data are used as a reference to constrain the depth and geometry of the basin
along with the densities used in the model. The seismic velocity model shows layers of
contrasting density within the basin and suggests the depth of the basin to be roughly 600 m
(Hill and others, 1985). Seismic velocities taken from the seismic refraction survey colocated with our gravity and magnetic forward model are converted to densities using the
formula
ρ = 1740v1/4

(8)

where ρ is density in kg/m³ and v is the velocity in km/s (Gardner et al., 1974; Table 3). The
velocity data were used to constrain the depth and geometry of the basin and the densities
used in the model.
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Figure 20. Model A, showing a subsurface basement ridge. Qal, alluvium; Qa, andesite;
Qp, rhyolitic pumice and ash; Ry, rhyolite; Qbt, Bishop Tuff; Tv, volcanic basin fill; Ka
(western basement block), quartz monzonite of Aeolian Buttes; Jkg (eastern basement
block), granodiorite, diorite and gabbroic rocks. See Table 4 for model parameters.
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Figure 21. Model B, showing a cryptodome most likely containing basaltic materials.
Qal, alluvium; Qa, andesite; Qp, rhyolitic pumice and ash; Ry, rhyolite; Qbt, Bishop
Tuff; Tv, volcanic basin fill; Ka (western basement block), quartz monzonite of Aeolian
Buttes; Jkg (eastern basement block), granodiorite, diorite and gabbroic rocks. See
Table 4 for model parameters.
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Table 3. Velocity-to-density conversions using Gardner et al. (1978).
Velocity (km/s)

Density (kg/m³)

1200

1820

1250

1840

1300

1860

1500

1920

2900

2270

3000

2290

3500

2380

3600

2400

3900

2450

4000

2460

4100

2480

4900

2590

5500

2670

5600

2680

5750

2700

Surface geology used to constrain shallow densities in the model, consists of Bishop
Tuff, andesite, alluvium, rhyolite, and rhyolitic pumice and ash outcrops (Bailey, 1989). The
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basin fill consists of a mixture of rhyolite, andesite and basalt, flows, tuff, fragments, ash,
and pumice inter-bedded with lacustrine sediments, based on units encountered in the Mono
Craters tunnel drilling project and from geothermal wells drilled on the shores of Mono Lake
(Gresswell, 1940; Axtell, 1972). A ~ 60-m thick layer of Bishop Tuff is presumed to be
located on the eastern boundary of the basin and is overlain by a thin layer of rhyolitic
pumice and ash, as suggested by two outcrops (Bailey, 1989). A rhyolitic feeder dike
probably serves as the conduit for the dome (Bailey, 1989).
Our two geophysical models (Figs. 20 and 21) have a crystalline basement
composed of a standard crustal density of 2670 kg/m³ down to a depth of 1.3 -1.5 km. The
composition of crystalline basement in the model varied from west to east and was
determined from geologic maps (Kistler, 1966; Bailey 1989). The west side of the basement
including the basement ridge is assumed to be the same quartz monzonite of Aeolian Buttes,
as suggested by a geologic cross section south of the profile line (Kistler,1966). The
magnetic susceptibility of the quartz monzonite unit ranges from 0.012 to 0.025 SI as
determined by unpublished physical rock property measurements of the pluton (D.A. Ponce,
oral commun., 2011). A magnetic susceptibility of 0.025 SI was used in the model as it best
fits the data. The seismic velocity model (Fig. 22), rock property measurements (Table 1),
and typical physical rock property measurements (Carmichael, 1982) were utilized when
assigning both density and magnetic susceptibility values to the basin fill and surface
geology in the models. Paleomagentic data (remanent magnetization) for the Bishop Tuff
was also included in the models (Palmer and others, 1996).
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Figure 22. Seismic velocity model modified from Hill et al., 1985. Black box shows approximate location of profile A-A’
and referenced velocities.
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Gravity data show a decrease of about 11 mGal across the Mono Basin and a decrease
of about 5 mGal across the Mono Domes. Aeromagnetic data across the profile show a
decrease in magnetic field of around 140 nT across the Mono Basin, however, an increase of
roughly 98 nT is observed across the Mono Domes.
Model A (Fig. 20, Table 4) suggests a basement high, or ridge, located under the
Mono Domes. The ridge has an asymmetrical shape with more than half of its area west of
the domes. The basin is approximately 700 m deep, and the basement ridge is roughly 400 m
high, and 6 km wide. The construction report of the Mono Craters tunnel indicates drilling
through a zone of highly fractured rock, indicating a fissure or fault zone, beneath the axis of
the domes (Gresswell, 1940).
This suggests the basement rock beneath the domes has a lower density than the
surrounding rock due to the fracturing caused by the eruption of the domes and/or from a preexisting fault zone. For this model a basement ridge with a slightly lower density fits the
data suggesting a faulted or fractured ridge block, Model B (Fig. 21, Table 4) is derived from
work conducted by Shaffer and others (2010). This suggests an elongated cryptodome as a
possible source for deformation underneath the northern end of the Mono Domes.
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Table 4. Model parameters. Susc, magnetic susceptibility; M, remanent magnetization; MI,
remanent inclination; MD, remanent declination; N/A, not available.
Paleomagnetic data

Model A

Rock unit

Density (kg/m³)

M

MI

MD

Susc (SI)

(SI)

(deg)

(deg)

Ka

2670

0.025

N/A

N/A

N/A

Jkg

2670

0.018

N/A

N/A

N/A

Ridge block

2600

0.025

N/A

N/A

N/A

Tv

2330

0.001

N/A

N/A

N/A

Qbt

2020

0.009

1.3

53

348

Qal

1900

0

N/A

N/A

N/A

Qp

1920

0

N/A

N/A

N/A

Qa

2400

0.025

N/A

N/A

N/A

Dike

1900

0.004

N/A

N/A

N/A

Paleomagnetic data

Model B
Ka

2670

0.025

N/A

N/A

N/A

Jkg

2670

0.018

N/A

N/A

N/A

Cryptodome

2400

0.001

N/A

N/A

N/A

Tv 2

2330

0.001

N/A

N/A

N/A

Qbt

2020

0.009

1.3

53

348

Qal

1900

0

N/A

N/A

N/A

Qp

1920

0

N/A

N/A

N/A

Qa

2400

0.023

N/A

N/A

N/A

Dike

1900

0.004

N/A

N/A

N/A
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A cryptodome is formed as a dike intrudes through crystalline basement and pools
along the contact between the basement and overlying sediments (Shaffer and others, 2010;
Fig. 23). The cryptodome model suggests a basin depth of about 700 m. The cryptodome is
roughly 400 m thick and 6.5 km wide and is asymmetrically located slightly to the west
beneath the Mono Domes. The density contrast between the cryptodome and the surrounding
basin fill is relatively small. The magnetic susceptibility of the cryptodome is 0.025 SI (see
Table 4) assuming it has a basaltic composition. Magnetic susceptibilities of the basement
rock are the same as in Model A (Fig. 20).

Figure 23. Model of a cryptodome
from (Shaffer and others, 2010).

Ground magnetic data collected along profile A-A’ (Fig. 24) shows a magnetic
anomaly on the order of 180 nT just west of the Mono Domes near the location where the
aeromagnetic high was observed. However, neither of the geophysical models produced a
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magnetic anomaly great enough to match that of the magnetic high shown in the ground
magnetic data. In order to fit the ground magnetic anomaly, a magnetic susceptibility of
about 0.040 SI or greater would need to be given to a body about 4-km wide and roughly as
deep as the basin.
It is possible that near-surface manmade magnetic objects could be affecting the
ground magnetic data, producing a magnetic field not representative of the subsurface
geology. Near-surface features would not be resolved in this aeromagneticdataset due to
poor resolution, possibly accouting for the difference between the two datasets. The poor
resolution of the aeromagnetic data also could affect the magnetic field intensity shown on
the aeromagnetic anomaly map.
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Figure 24. Ground magnetic data collected adjacent to profile A-A’. See Figure 11 for location of Line D.
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DISCUSSION
In general, gravity highs in the study area reflect high-density plutonic rocks on
the east and west sides of the Mono basin where granitic outcrops are exposed. Gravity
lows are observed in Mono Lake and the Long Valley caldera where low-density
volcanic rocks and sediments are prevalent; the boundaries of these features are
distinctively marked by maximum horizontal gradients. In general, magnetic anomalies
reflect moderately magnetic plutonic and volcanic rocks throughout the region. Within
the study area, aeromagnetic data reveal an anomalous ring-shaped magnetic high
centered over Aeolian Buttes whose eastern boundary follows the arcuate trend of the
Mono Domes. The maximum horizontal gradient, reduction-to-the-magnetic-pole (RTP)
and residual maps all clearly define the circular magnetic anomaly. The boundaries of
the anomaly are delineated in the RTP and horizontal gradient maps. The residual map
suggests the source of the anomaly is greater than 100 m deep and not related to nearsurface features. Ground magnetic transects throughout the basin on the west side of the
Mono Domes show magnetic lows and highs that correlate with the ring-shaped feature
shown in the aeromagnetic data (Fig. 25).
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Figure 25. Map showing aeromagnetic data overlaid with truck-towed and ground
magnetic data. Note truck-towed/ground magnetic data and aeromagnetic data do not
have the same color scale. Truck-towed/ground magnetic data show highs and lows that
correlate with aeromagnetic data in the region around the ring-shaped magnetic high,
located west of the Mono Domes.

The preferred potential-field model that best supports previous work done in the
area is the basement ridge model (Model A, Fig 20). This model suggests that a
basement structure, or ridge, is located beneath the Mono Domes with its apex to the west
of the domes. Re-analysis of seismic refraction data indicates a basement structure may
be present beneath the Mono Domes, as suggested by further evaluations of first-arrival
times (D. Hill, oral commun; 2011). The ridge is likely to be fractured and faulted,
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possibly due to a pre-existing fault zone which could have served as a conduit for the
eruption of the Mono Domes, reducing the ridge’s density relative to the surrounding
basement rock. The circular geometry of the ridge suggested by the ring-shaped
magnetic anomaly is perplexing. Regional tectonics, extensional basin and range
faulting, or complicated structural trends throughout the area could have influenced the
formation the ridge beneath the domes. The ridge could be part of a horst-and-graben
structure, considering the extensional structural trends throughout the region. Poor
resolution of the aeromagnetic data may distort the geometry and boundaries of the
anomalous magnetic high, possibly causing independent structures to appear as if they
have a continuous circular shape. High-resolution aeromagnetic surveys may help
delimit the circular magnetic anomaly and determine whether it could instead be the
result of intersecting linear features.
The alternate model (Model B, Fig. 21), indicates a cryptodome could be the
source of the magnetic anomaly across the Mono Domes. If a cryptodome is present it is
possible that dense basaltic materials were trapped in the cryptodome as lighter, less
dense rhyolites were erupted. Basaltic dikes 8 to 14 m wide were encountered around the
rhyolitic Mono-Inyo feeder dike during the drilling of the Inyo Domes (Heiken and
others, 1988), indicating that basaltic rock could be trapped around the Mono Domes
conduit. Because basaltic materials have a much higher magnetic susceptibility than
rhyolites, a basaltic body located beneath the Mono Domes could be the source of the
magnetic high along the profile line. It is unlikely that basaltic intrusions like those
found around the Inyo Domes would be the source of the magnetic anomaly because the
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modeled width of these dikes were too narrow to produce an anomaly great enough to
match the data. However, a large mass of moderately magnetic basaltic rock trapped in a
cryptodome could produce a magnetic anomaly great enough to match the magnetic data
in the model. Evidence for cryptodome deformation was observed at the northernmost
end of the Mono Domes, near Panum crater (Shaffer and others, 2010). If basaltic rock
was trapped by cryptodomes during the eruptions of the Mono Domes, the ring-shaped
magnetic high should extend closer to the shoreline of Mono Lake. The location of
cryptodome deformation does not correlate with the ring-shaped magnetic high,
suggesting that a cryptodome is not likely to be associated with the magnetic anomaly
located under the Mono Domes.
The anomalous ring-shaped magnetic high is essentially coincident with a ring
fracture mapped by Kistler (1966) (Fig. 26). The ring fracture follows the trend of the
Mono Domes; the magnetic high diverges from the domes at North Coulee and runs
parallel to the northern trace of the ring fracture. The similarity of both trends could
imply that the ring fracture and the magnetic high, or modeled basement ridge, are
associated.
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Figure 26. Interpretive map showing geologic map (Bailey, 1989) overlaid with
aeromagnetic map (Roberts and Jachens, 1999). Black dashed circle shows location of
ring fracture mapped by Kistler (1966). Blue dashed line shows location of interpreted
ring-shaped magnetic high. The ring-shaped magnetic high is centered over Aeolian
Buttes and coincides with the ring fracture with the exception of the northern trace.
Profile A-A’ (red line) extends off the map to the east.
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In the event that volcanic activity occurs again in the region, eruptions could be
focused within the pre-existing fracture zone beneath the domes, possibly continuing its
arcuate trend to the west along the ring fracture trace. The close correlation between the
circular magnetic anomaly and ring fracture has not been closely evaluated; it would be
beneficial to investigate this relationship further to determine if the association holds any
implications for future volcanic activity, but a higher resolution aeromagnetic survey
would be required for any further analysis.
The most recent volcanic activity in the region occurred 250 ± 50 years ago at the
northern end of the Mono-Inyo volcanic chain, forming Pahoa Island and Negit Island.
The history of volcanic eruptions over the past 5000 years includes 20 small eruptions at
250-700 year intervals. Given the locations and intervals of eruptions, it is possible the
magma chamber for the Mono-Inyo volcanic system could be utilized as a geothermal
resource similar to the Casa Diablo geothermal plant located to the south of the Mono
Basin, if a significant magma body can be located within the subsurface. We provide a
useful foundation from which to continue investigations in this area to assess the
geothermal potential the region may hold.
To better define the geometry and location of the basement ridge additional
geophysical studies of the area are needed. Paleomagnetic data, which would provide
remnant magnetizations of both volcanic and basement rocks, would be useful to
constrain the geometry and size of the basement ridge. Additionally, high-resolution
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aeromagnetic data would better define the boundaries of the circular-shaped magnetic
high.
CONCLUSIONS
Geophysical models of the Mono Domes show that a moderately magnetic
structure, 6 -km wide, with about 400 m of relief, and at a depth of about 700 m could be
located beneath and slightly to the west of Mono Domes. Potential-field models indicate
the basin depth to be roughly 700 m in Pumice Valley. The basement structure may be a
fractured ridge, the eastern edge of which could have provided a pathway for the Mono
Domes feeder dike. Re-evaluation of a seismic refraction survey conducted in 1985
supports the likelihood of a basement structure. Aeromagnetic data suggests the ridge
has a circular geometry. Alternately, the unusual geometry could be due to complicated
intersecting structural trends in the area, attributable to the combination of the Mina
Deflection, Sierran frontal fault systems, and Basin and Range faulting. A ring fracture
mapped by Kistler (1966) coincides with the circular magnetic anomaly, suggesting the
two features may be associated. The ring fracture may have been the pre-existing
fracture zone that served as the conduit for the Mono Domes feeder dike. Additional
geophysical studies are needed to further delineate the shape and origin of the basement
ridge.
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